A new anthraquinone (3,8-dihydroxy-2-methyl anthraquinone), named tectone (1), along with fourteen known compounds (2-15) comprised of five terpenoids (2-5, 15), four flavonoids (6-9), three flavone glycosides (10-12), and two phenolic glycosides (13-14) were isolated from the chloroform and n-butanol fractions of the ethanol extract of Tectona grandis leaves. Attempts were made to synthesize compound 1. This resulted in the synthesis of three additional anthraquinones (16-18), out of which compound 16 is new. The structures of all compounds were established by spectral analysis. The isolated and synthesized compounds were evaluated for their antihyperglycemic activity. Compounds 1, 2, 4 and 14 showed significant antihyperglycemic activity in streptozotocin-induced diabetic rats at a dose of 100 mg/kg body weight, which is comparable to the standard drug metformin.
Tectona grandis Linn. (Verbenaceae), commonly known as sagwan or teak, is widely distributed in Asian countries. Traditionally it is used in the treatment of diabetes, lipid disorders, ulcers, inflammation, bronchitis, cancer and skin diseases [1a] . The oil obtained from seeds, flowers and wood is used to treat eczema and ringworm [1b] . Extracts of the leaves exhibit wound healing and antianemic properties [2a,2b] . In addition, the ethanolic extract of T. grandis bark showed significant decrease in plasma glucose and serum triglycerides against dexamethasone-induced insulin resistance in mice [2c] , and antioxidant activity [3] . Previous chemical investigation of this plant resulted in the isolation and identification of terpenoids and quinones [4a,4b] . The quinones were reported to have antimicrobial [4c], antiulcer [4d] and cytotoxic [4e] activities. Leaves of the plant contain triterpenoic acids exhibiting antimicrobial activity [4f] .
In the present study, we focus on the bioassay guided fractionation of the ethanolic extract of T. grandis leaves, which exhibited antihyperglycemic activity in streptozotocin-induced diabetic rats at a dose of 250 ________________________ ¶ CDRI communication no. 7830 mg/kg, po. Encouraged by these results, the ethanol extract was fractionated successively with n-hexane, chloroform, n-butanol and water. Promising antihyperglycemic activity was observed in the chloroform fraction, whereas only moderate activity was seen in the n-butanol fraction ( Table 2) . The chloroform and n-butanol fractions were purified by repeated column chromatography over silica gel and the isolated compounds were identified by spectroscopic studies. The chloroform fraction was subjected to extensive chromatographic separation, which afforded five compounds, one new anthraquinone, 3,8dihydroxy-2-methylanthraquinone (1) (Figure 1) , and four terpenoids, identified as betulinic acid (2) [5a] , friedelin (3) [5a,5b], 29-nor-21α-hopan-3, 22-dione (4) [5c] and agathic acid (5) [5d]. Repeated column chromatography of the n-butanol fraction furnished ten compounds, of which four were flavonoids, genkawanin (6) , apigenin (7) , chrysoeriol (8), and luteolin (9) [5d,5e], three flavone-O-glycosides, thellungianate (10), acacetin-7-O-glucuronic acid (11) [5f], and 6hydroxy luteolin-7-O-rutinoside (12) [5g], two phenolic glycosides, identified as decaffeoylacetoside (13) [5h] and verbascoside (14) [5i], and one triterpenoid, characterized as ursolic acid (15) [6] . Among these, 2, NPC Natural Product Communications 2010 Vol. 5 No. 3 427 -430 3, and 15 have already been reported from this plant, whereas, compounds 4-14 have been isolated from the title plant for the first time. The known compounds, 2-15, were identified by comparing their spectroscopic data with those previously reported in the literature. In the present communication, we describe the isolation, characterization and synthesis of a new compound named tectone (1), and report the evaluation of the antihyperglycemic activity of compounds 1-18. (Table 1 ) and the DEPT experiment indicated the presence of one methyl group, five methines and nine quaternary carbons, two of which have characteristic aromatic carbonyl signals at δ 182.1 and 187.6. The 1 H and 13 C NMR spectra showed two aromatic proton signals at δ 7.87 (1H, s, H-1), δ C 129.8, and 7.43 (1H, s, H-4), δ C 111.7. Further spectra showed a spin system constituted of three aromatic hydrogens, disclosed by the broad triplet at δ 7.67 (1H, br t, J=7.9 Hz, H-6, δ C 136.7), coupled with two proton signals at δ 7.58 (1H, d, J=7.3 Hz, H-5, δ C 118.9) and 7.27 (1H, d, J=8.3 Hz, H-7, δ C 124.3). The proton signal at δ 2.48 (3H, s, δ C 16.4) is characteristic of a methyl group attached to an aromatic system, and a sharp, one proton singlet at δ 12.68 was assigned to the intramolecularbonded phenolic hydrogen 8-OH. In the COSY 45 o spectrum, H-6 (δ 7.67) showed strong cross peaks with two methine protons at δ 7.58 (H-5) and 7.27 (H-7) . In the Heteronuclear Single Quantum Coherence (HSQC) spectrum, C-1 (δ C 129.8) was found coupled with the proton at δ 7.87, while C-4 (δc 111.7) showed coupling with the proton at δ 7.43. C-5, C-6 and C-7 (δ 118.9, 136.7 and 124.3) showed cross peaks with H-5, H- 6 and H-7 (δ 7.58, 7.67 and 7.27 (Table 1) indicated a close resemblance to the structure of compound 1, except for the position of the methyl group, which was confirmed to be at C-4 by HMBC correlations. The methyl proton (δ H 2.51, δ C 13.8) exhibited strong three bond correlations with carbons resonating at δ C 133.0 (C-4a) and δ C 166.0 (C-3). On the basis of the spectroscopic analysis, the structure of compound 16 was characterized as 3,8-dihydroxy-4methyl anthraquinone. The isolated and synthesized compounds (1-18) were evaluated for in vivo antihyperglycemic activity in STZinduced β-cell damaged diabetic male Sprague-Dawley rats at a dose of 100 mg/kg body weight [9] . Compounds 1, 2, 4 and 14 showed significant antihyperglycemic activity (23. 6, 22.3, 17.5 and 16.9% at 5h and 29.0, 27.8, 21.6 and 20 .2% at 24h, respectively) compared with the standard drug, metformin (Table 2) . Other compounds showed mild activity.
Experimental
General: NMR spectra were measured on a Bruker Avance 300 MHz spectrometer. The MS of compound 1 was recorded with a JEOL JMS 600H instrument and that of compound 16 with a Jeol AccuTOF-DART instrument. UV and IR spectra were recorded using a Perkin-Elmer λ-15 UV spectrophotometer and a Perkin-Elmer RX-1 spectrophotometer, respectively. Melting points (uncorrected) were measured by a Complab Melting Point Apparatus. Silica gel 60-120 and 230-400 mesh was used as the stationary phase for isolation of compounds by column chromatography. 
Extraction and purification:
Dried leaves of T. grandis (1.0 Kg) were extracted with ethanol (4 times). The combined extract was filtered and conc. under reduced pressure at 45 o C to produce a dark brown viscous mass (120 g). Part of this (100 g) was dissolved in water and successively partitioned with n-hexane, chloroform and n-butanol. The chloroform fraction (30 g) was purified by silica gel CC by elution with n-hexane, and n-hexane-EtOAc mixtures of increasing polarity to make 15 fractions, which were further pooled to make 7 (F1-F7) on the basis of TLC analysis. On repeated flash silica gel CC, fraction F2 afforded compound 3 (140 mg) from n-hexane-EtOAc (7:3) and 4 (140 mg) from n-hexane-EtOAc (2:8). Compounds 1 (130 mg) and 5 (144 mg) were purified from fraction F3 from the CHCl 3 eluate. From fraction F5, compound 2 (134 mg) was obtained from the CHCl 3 -MeOH (9:1) eluate.
The n-butanol fraction (35 g) was further purified by silica gel CC by elution with CHCl 3 and MeOH as a binary mixture of increasing polarity to give 50 fractions, which were combined to form 10 (F8-F17) from TLC analysis. Repeated CC of F9 afforded compounds 7 (132 mg) and 15 (139 mg) from the n-hexane-EtOAc (9:1) eluate. Flash chromatography of F10 by elution with CHCl 3 -MeOH (19:1) yielded 6 (145 mg) and 8 (141 mg). Compounds 9 (130 mg), 10 (146 mg), 11 (139 mg), 12 (130 mg), 13 (127 mg) and 14 (131 mg) were obtained by repeated CC of F12, eluting with EtOAc-MeOH (17:3-4:1).
Synthesis of 3,8-dihydroxy-2-methyl anthraquinone (1):
A mixture of anhydrous AlCl 3 (808 mg, 6.05 mM) and NaCl (163 mg, 3.02 mM) was heated at 110 o C in an oil bath till molten. To this reaction mixture, 3-hydroxy pthalic anhydride (200 mg, 1.21 mM) and o-cresol (0.12 mL, 1.21 mM) were added. The temperature was slowly increased to 165 o C. After 4h, the reaction mixture was cooled to 0 o C. HCl (10 mL of 10%) was added and the mixture was stirred for 15 min. at 0 o C and then refluxed at 100 o C for 30 min. The reaction mixture was cooled to room temperature and extracted with EtOAc. The EtOAc extract showed 4 yellow colored spots on TLC. These were separated by silica gel (230-400 mesh) CC using n-hexane: EtOAc as mobile phase. Compounds 17 (61 mg, 19.7%) and 18 (30 mg, 9.7%) were obtained from the n-hexane-EtOAc (99:1) eluate, and compounds 1 (50 mg, 16.2%) and 16 (44 mg, 14.2%) from the n-hexane-EtOAc (95:5) eluate.
Streptozotocin-induced diabetic rats:
Sprague-Dawley (SD) strain male albino rats of body weight 160 ± 20 g were taken for the study. Animals were kept for overnight starvation and were made diabetic by injecting streptozotocin (STZ) intraperitonially at a dose of 60 mg/kg, prepared in 100 mM citrate buffer (pH 4.5). Fasting blood glucose level was measured by using a Glucometer (ACCU-CHEK II; Roche Diagnostics, USA). After 48 h, animals showing a blood glucose level above 10 mM (180 mg/dl) were considered as diabetic. The diabetic rats with fasting blood glucose values from 10 to 18 mM (180-324 mg/dl) were included in this study. Animals were divided into groups consisting of 5 animals in each. Animals of one group were regarded as the control group (orally administered 1% gum acacia) and the others were treated as the experimental groups. Rats of the experimental groups were given a suspension of the test sample made in 1% gum acacia. Animals of the control group were given an equal amount of vehicle (1% gum acacia). An oral sucrose load of 2.5 g/kg was given to all groups, 30 min post administration of the test sample/vehicle. Blood glucose levels of the animals of all groups were again measured at 30, 60, 90, 120, 180, 300 min and 24 h post sucrose load. Food (not water) was removed from the cages during the experimental period. Percent hyperglycemic activity was determined by comparing the AUC (area under curve) of experimental groups with that of the vehicle treated control group.
3,8-Dihydroxy-2-methyl anthraquinone (1)
Yellow needles. MP: 260 o C. Rf: 0.5 (EtOAc-n-Hex, 2:8). 
